Introduction
Considerable importance of milk production in the Polish agriculture is confirmed by high value of production and its share in global commodity agricultural production. In 2017, Poland was the fourth producer of cow milk in the EU and the thirteenth in the world (Hemme (ed.), 2018) .
In 2016, compared to 2010, the number of farms keeping cows decreased by about 40% and the cow population decreased by 11%. Statistics show that the number of farms with the economic size up to EUR 8 thousand decreased, and the decline in population concerned in particular farms with the economic size up to EUR 50 thousand (GUS, 2012 (GUS, , 2017 .
Significant disproportions in production parameters between the Polish farms and agricultural holdings from Western Europe are still visible. The major ones include differences in the scale of production, resulting from the size of the herd of cows and milk productivity (Czyżewski and Guth, 2016; Ziętara and Adamski, 2018) , the efficiency of using resources on farms (Gołaś, 2017; Skarżyńska, 2017) .
These parameters affect the profitability of milk production which additionally depends on many external factors, including demand and supply and agricultural policy on the local and global market.
Organisation which monitors the development of the profitability of milk production on farms is the European Dairy Farmers (EDF). The organisation was founded in 1990 in Great Britain. An initiative to create it was undertaken by a few dozen farmers producing milk and the German Agricultural Society (Deutsche Landwirtschafts-Gesellschaft -DLG e. V.) and the Federal Research Institute for Rural Areas, Forestry and Fisheries of the Thünen Institute (then the FAL -Bundesforschungsanstalt für Landwirtschaft). The mission of the EDF is to inspire farmers through the exchange of knowledge and ideas. Activities of the organisation focus on the analysis of milk production costs and the search for the reasons of differences in production and economic results between farms. The advantage of analyses made by the EDF is a uniform method of data collection and determination of results. The organisation brings together milk producers on a voluntary basis and finances its activity entirely from membership fees. The condition for receiving the results of analyses of milk production costs is to provide economic and production data from the farm.
Data from the Polish dairy farms has been analysed in the EDF since 1998. The basic problem for the majority of the Polish farms was keeping too simplified records of economic events. As a result, completion of the survey concerning the summary of the reporting period took a lot of time, and the values in the survey were approximate. Reliable results have a high informative value for the milk producer, they serve not only to assess the completed reporting periods, but also to improve the management of the farm in the future by comparing it with better farms.
Purpose of the study, data sources and methodology
The objectives of the paper were to check the possibility of obtaining data from the FADN system for the EDF survey and to compare the economic results achieved by dairy farms from the selected EU countries in 2016 using the methodology of the EDF. An additional goal was to determine the profitability threshold for milk production at the level of general and full costs.
The research covered a group of 362 farms from the EDF and 30 farms from Poland conducting agricultural accounting in the Polish FADN. Data was collected with the participation of the Institute of Agricultural and Food Economics -National Research Institute in Warsaw 1 , in accordance with the FADN methodology and schedule, and then supplemented with information required for cost analysis in the EDF through a structured interview. The interview was carried out by advisers from farm advisory centres operating under the FADN. The selection of farms for analysis was purposeful; 30 farms selected for the study were farms where the share of the milk production value exceeded 70% of the total sales value were. They can be classified as farms highly specialized in milk production (Bocian, Osuch and Smolik, 2018) .
In the analysis of the results, the EDF uses full costing of milk production. Figure 1 presents groups of costs and their components used in the EDF. The EDF calculations assumed that total labour-related costs include both labour costs of people and the costs of machinery. Total costs of labour, buildings, land and milk quota also include alternative costs of own resources.
Full costing required assumptions regarding the valuation of own production factors involved in milk production (land, capital and labour). The calculation of full costs is of particular importance for entities which differ in the ownership structure of the resources used for production. Approaches to the valuation of own resources involved are different in literature on the subject (Goraj and Mańko, 2004; Hemme (ed.), 2018; Skarżyńska, 2011) .
1 Data was collected in cooperation with Prof. dr hab. Wojciech Ziętara and mgr inż. Marcin Adamski. In this analysis, the costs of the so-called lost benefits were determined using the same method in individual countries participating in the study. Alternative costs of own land used in milk production were determined based on the amount of rent in the region of the farm's operation. Valuation of the use of capital in raising of dairy cattle in the EDF surveys was made on the basis of interest rates on loans for nonfinancial enterprises granted for a period of over 5 years. Alternative costs of the family labour were estimated on the basis of the product of the annual workload of family members and remuneration rates (hourly rates were calculated on the basis of gross annual earnings in the national economy without bonuses and rewards). A summary of the basic assumptions regarding the valuation of the involvement of own resources in selected countries for analysis is provided in Figure 2 .
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• Animal production: purchase of animals; services of rearing heifers; costs of insemination, veterinary services and medicines; purchase of feed, other direct costs of livestock production • Production of own feed: seeds; fertilisation and protection of plants; other direct costs of feed production
• Remuneration for hired workers, alternative costs of family labour, external services, lease of machinery, fuel, electricity, machinery maintenance, depreciation of machinery, alternative costs of machinery
• Leasing, maintenance, depreciation of buildings, alternative costs of buildings The adopted assumptions translated directly into the costs of production factors incurred on farms. In Sweden, Denmark and the Netherlands, labour costs in 2016 were among the highest (around EUR 24/h) and were about 4 times higher than average rates in Portugal, Poland and the Czech Republic. The valuation of alternative costs of own forage area was made individually for each farm and was based on the amount of rent of arable land and grassland in the area of the farm's operation. The average amount of rent of arable land for groups of farms from individual countries presented in Figure 2 was characterised by high diversification (higher than in the case of labour prices). The rent of 1 ha of arable land in the Netherlands was around EUR 720, while in the Czech Republic it was over five times lower (EUR 130) . Similarly, in the case of capital, there were large differences in interest rates on loans in individual countries.
Basic measures used to assess economic results and the manner of their calculation are given in Table 1 . In this analysis, the results were calculated only for raising of dairy cattle. The level of involvement of resources in this production and the share of indirect costs were determined with farmers at the stage of data collection on farms, based on the share of milk production value in the value of total production. The assessment of economic results in milk production in the EDF featured calculation of the so-called break-even point (BEP). It informs about the amount of revenues from the sale of milk, which are required to cover the costs of its production. The EDF methodology assumes that revenues obtained from milk production, but other than the sale of milk (e.g. the sale of cattle), are 'non-core' activity and the farmer obtains them at the level of production costs incurred. These revenues are deducted from the costs of raising of dairy cattle. This way of calculating the cost of milk production Total revenues The value of the sale of milk and animals (including change in the value of livestock) and other revenues related to milk production. Revenues include subsidies related to milk production and VAT balance.
Full economic costs
Total costs (the sum of direct costs of animal and plant production, depreciation, general economic costs and external factors) increased by the costs of lost opportunities of involved own land, family labour and equity (without land).
Income from an agricultural holding Total revenues reduced by total costs.
Income from management and risk I
Income from an agricultural holding after covering full economic costs without subsidies not related to production (total revenues minus full economic costs).
Income from management and risk II
Income from management I increased by the amount of subsidies not related to production (attributed to the forage area used in milk production).
Breakeven point I Revenues from the sale of milk (milk price) equal to the total costs incurred only for its production (milk price equal to total costs of raising dairy cattle reduced by revenues other than the sale of milk).
Breakeven point II Revenues from the sale of milk (milk price) equal to the full economic costs incurred only for milk production (milk price equal to full economic costs of raising dairy cattle reduced by revenues other than the sale of milk).
Source: own study based on the methodology of the EDF.
Costs and profitability of milk production on farms in 2016
Two groups of farms were covered by the analysis of the costs and profitability of milk production: the EDF and 30 Polish farms participating in the FADN. A tercile division was used within groups which means dividing entities into three categories of equal number. Full economic costs of producing 100 kg of milk (ECM 2 ) were adopted as the criterion for the division. The division made it possible to present differences in production and economic parameters on farms with higher and lower efficiency. Farms included in the lower (first) tercile (T1) accounted for 1/3 of the number of farms and were characterised by the lowest full costs of milk production. The middle (second) tercile (T2) determined full economic costs of 2/3
1 (358) 2019 of farms. Whereas the upper (third) tercile (T3) determined the highest level of full costs incurred in other farms.
The basic characteristics of farms in the EDF and the Polish group are presented in Table 2 . In the EDF group, the upper and lower terciles had 121 entities each, while the values for middle tercile were calculated on the basis of 120 farms. The Polish group was represented by 30 farms, and consisted of equipotent terciles (10 farms each). These farms belong to a very important group of entities from the point of view of milk production in Poland, which due to the economic size of farms can be considered as medium small, medium large and large. They constitute about 36% of entities maintaining cows in Poland, while these farms have about 74% of the cow population in Poland (GUS, 2017).
Significant differences in the production potential and the organisation of milk production can be observed in the studied groups. The size of the herd of cows in the Polish group was much smaller than in the EDF (about 8 times). Farms with the lowest total costs (T1) had two times more cows in a herd than farms in the upper terciles. The average milk yield of cows in the group of Polish farms was about 30% lower than in the EDF group, but the distance between the lower terciles of both groups was smaller than in the case of upper terciles. Culling of cows in the herd on the EDF farms was at a similar level in all terciles of farms and amounted to around 28%. In the case of Polish farms, the exchange of cows in the herd was less frequent (culling at the level of 14%) and there were large difference in its level in the terciles of farms.
The management of land resources on the Polish farms was different than in the case of the EDF farms both in terms of the ownership structure, the structure of the forage area, and the intensity of its use. The share of leased land on the EDF farms was significantly higher than on the Polish farms, which can be explained with the difference in the size of production units. Research indicates that the role of lease increases with UAA of a holding (Majchrzak, 2013) . A feature distinguishing the Polish group of farms from the EDF was the structure of the forage area. Production of feed was mainly carried out on arable land (54%) and temporary pastures (26%). On EDF farms, the forage area was mostly grassland (around 60%). The intensity of use of forage area measured by cow stocking was the lowest in the upper terciles of farms (1.4 stock unit/ha in the EDF and 1.1 stock unit/ha in PL). On the Polish farms, the stocking was at a similar level in all terciles, while the EDF farms of the lower and middle terciles were characterised by a much higher intensity of land use (1.7 head/ha).
The average capital involvement (without land) for milk production in both Polish and European EDF farms was similar (nearly PLN 32 thousand/cow). In the main part, inputs were related to the capital lock-up in machinery and buildings (over 60%). However, it is worth noting that on the Polish farms the capital invested in machinery dominated (on average 36%), while in the EDF group, the capital involved was mainly related to buildings and their equipment (46%). Productivity of PLN 1 thousand of capital involved in milk production in the Polish group was about 30% lower than on average on the EDF farms, and comparing the results of farms from the first terciles of both groups, the difference was as high as 42% to the disadvantage of the Polish group. Inputs of the labour factor in the Polish group of farms were three times higher than the average on the EDF farms. Research shows that farms adopt the structure of inputs, replacing more expensive factors with cheaper ones (Kusz and Misiak, 2017; Sheng, Davidson, Fuglie and Zhang, 2016) .
The size of labour input on the Polish farms may result from low labour prices compared to the majority of countries taking part in the EDF cost analyses, with higher capital prices. Another reason for such high labour inputs on the analysed Polish farms was low production scale.
Management of resources remains closely related to farm production costs.
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In 2016 the milk prices on the market were lowfor the producers. In July 2016, the average price of milk was only 3% higher than in the corresponding period of 2009, which was characterised by record low prices (European Comission, 2018a). Table 3 includes the economic results achieved in groups of the Polish farms and the EDF farms in 2016. Revenues from the sale of milk accounted for about 80% of the total revenues in raising of dairy cattle. Milk prices in the Polish group of farms were on average 20% lower compared to the average EDF groups. On the EDF farms, the lowest prices were obtained by farms from the lower tercile (PLN 120.8/100 kg of ECM) and the highest from the upper tercile (PLN 162.5/100 kg of ECM). In the EDF, revenues from the sale of cattle accounted for around 13% of total revenues. A higher level of culling of cows in the herd on the Polish farms from the upper tercile resulted in a higher share of revenues from the sale of cattle (22%).
On the majority of farms, direct costs accounted for over 50% of total costs in raising of dairy cattle. On average, on the EDF farms they amounted to PLN 76/100 kg of ECM, while in the Polish group they were PLN 17 (22%) lower. On the Polish farms from the third tercile, direct costs were by PLN 22/100 kg of ECM higher compared to other farms.
Lower general economic costs on the Polish farms resulted mainly from lower costs of services (agricultural equipment and consultancy) as well as maintenance of machinery and equipment. The average depreciation cost on the EDF farms was PLN 21.6/100 kg of ECM and on the Polish farms it was higher by about PLN 4. Both categories of costs: general economic costs and depreciation were clearly increasing on farms from the second and third terciles of both groups.
The costs of using external factors on the Polish farms were lower compared to the EDF group. This was due to the low share of leases in the forage area and the use of only family labour in the production process.
Farms from lower terciles had lower total costs compared to farms from upper terciles. In the EDF group, this difference was PLN 60/100 kg of ECM and on the Polish farms PLN 50/100 kg of ECM. Total costs on the Polish farms were lower by about PLN 45/100 kg of milk compared to the EDF group. Income from the agricultural holding on the Polish farms from the lower and middle tercile was definitely higher than on the European farms from the analogous terciles (PLN 28.2 in the lower tercile and PLN 17.7 in the middle tercile).
The valuation of the costs of using own land, capital and labour resources made it possible to compare economic results regardless of the ownership structure of production factors. Due to the fact that milk production on the Polish farms was based mainly on own resources, alternative costs were at a definitely higher level than on the European farms (2.5 times). A particularly high level was achieved by alternative costs of family labour the outlay of which was three times higher. As a result, in 2016 income from management had negative values. The addition of subsidies not related to production in the account slightly improved the results, but only the EDF farms from the lower tercile achieved income from management (PLN 5.6/100 kg of milk). -27.7 -5.0 -24.6 -53.5 -84.4 -16.5 -55.1 -181.6 Income from management and risk II -14. Total costs of producing 100 kg of milk were higher by about 30% on the EDF farms compared to Polish farms. Their average level on the Polish farms was PLN 80 per 100 kg of ECM, and on farms from the upper tercile did not exceed PLN 100, i.e. it was almost as high as on farms from the lower tercile of the EDF. Due to the inclusion of alternative costs in the calculation, the income from the sale of milk was lower than the full costs of its production in all groups of farms. 
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Production and economic results of farms in selected countries participating in the EDF
The comparisons were made between groups of farms from countries which were represented by a minimum of 10 farms in the EDF. The number of farms representing the analysed countries accounted for 75% of the total number of farms participating in the EDF in 2016.
The analysed European farms were characterised by large herds of cows (Table 4). Only in three national groups, the average herd was smaller than 100 cows, while in Poland it was the smallest (30 head on average). Farms from Sweden and Denmark were characterised by very numerous herds of cows and achieved the highest milk yield (10.8 and 10.6 t of ECM), with a very high rate of culling of cows in the herd.
Stocking of cows in national groups was characterised by a large span of values, from 0.8 on the Swedish and Polish farms, to 2.6 stock units/ha on the Spanish farms. The structure of forage area on the EDF farms was dominated by grassland (permanent and temporary). Only on the Spanish, Polish and Danish farms arable land accounted for the majority of the area intended for the production of feed. The highest share of leased area intended for the production of feed was noted on the French farms (86%). The price of rent of agricultural land in this country was the lowest among the analysed national groups. The level of rent of agricultural land reflects, e.g. the value of agricultural land available on the market T1  T2  T3  øPL  T1  T2  T3   EDF able land were paid on the Dutch farms, and at the same time the share of leased area in the forage area of farms was among the lowest. A different situation was noted on the Belgian farms, where rent prices were not much lower, and the popularity of lease was significantly higher than in the neighbouring Netherlands. One of the factors shaping the rent prices on the market is also land productivity (Swinnen, Ciaian and Kancs, 2008) . High land productivity reflects high price of rent and stocking of cows primarily in Belgium, Denmark and the Netherlands. Capital involved in assets (without land) per one cow on the Polish farms was on the level comparable with the French farms. In the comparison of the structure of capital involved in the analysed countries, large deviations from the share of machinery and buildings in capital in the national groups were noticeable. The Dutch farms were characterised by the highest capital involvement (PLN 42.2 thousand/ cow) and the value of buildings dominated in it (68%). Despite high milk yield of cows, this resulted in the lowest capital productivity (4.58 t of ECM per PLN thousand of capital involved in milk production). The lowest capital involvement was noted for the Irish and British farms (PLN 12.3 and 13.2 thousand per cow, respectively), and its structure was characterised by a high share of livestock value. At the same time, farms from these countries were characterised by the highest capital productivity -over 10 t of ECM/PLN 1000. Polish farms were characterised by the highest share of the value of machinery in capital (36%). This share was more than twice as high as the average share on the EDF farms. As a consequence, relatively high capital intensity with low milk production on the Polish farms led to low capital productivity, comparable to the Dutch farms.
The average labour input per cow on the EDF farms in 2016 was 58 hours. The highest labour input was noted for the Polish farms (175 h). In other national groups, the labour input was ranging from 30 h per dairy cow on Danish farms to 62 h on the Spanish farms. Labour productivity was the highest especially in countries with high pay rates.
Revenues in milk production in national groups of farms were diversified (Table 5). The range of revenues between domestic groups was PLN 37. This was mainly due to differences in milk prices and prices of live bovine animals. The Swedish, French and Dutch farms produced the highest revenues. The Polish farmers obtained lower prices for milk produced, compared to other major milk producers in Europe (European Comission, 2018a; Wójcik, 2010) .
In 2016, milk prices in the Polish group of farms were 20% lower compared to Dutch producers. Relatively low prices of milk were also obtained by producers from Belgium and Ireland. The sale of cattle also had a large share in the development of total revenues, especially on Irish farms in which it accounted for 20% of the total value of production (on Polish and Swedish farms this share was at the level of 16%).
Total costs were different, ranging from PLN 99/100 kg of ECM on the Irish farms to PLN 158/100 kg of ECM on the Swedish farms. They were relatively favourable on the Irish and Polish farms. This was mainly due to low direct costs related to low costs of feeding cows. The highest total costs were incurred by the French and Swedish farms. The French farms were characterised by high depreciation (similarly to the Polish farms), but also high costs of using external production factors (mainly land).
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Agricultural income was the most favourable in the group of the Irish and Polish farms. The inclusion of alternative costs in the assessment of profitability of milk production (both with subsidies and without subsidies not related to production) indicates good condition of Irish farms and, at the same time, very bad condition of the Polish farms. -38.9 -27.7 -25.9 -12.3 -33.0 0.1 -36.4 -84.4 -19.1 -13.6 Income from management and risk Source: as for Figure 2 .
Total costs of milk production on farms were characterised by high diversification (Figure 4) . Their level was ranging from PLN 68 on the Irish farms to PLN 128 on the Danish group, however, in the majority of national groups, the cost of producing 100 kg of ECM did not exceed PLN 120. On average, alternative costs of producing 100 kg of milk in the analysed countries (except for Poland) amounted to approximately PLN 37. On the Polish farms, due to very large involvement of own resources (mainly labour) in milk production, alternative costs were almost three times higher than in other national groups. Only on the Irish farms the price of milk covered full costs of its production. On the other farms, production was unprofitable. Losses from milk production were ranging from PLN 12 on the Spanish farms to PLN 84 on the Polish farms for every 100 kg of ECM. 
Conclusion
1.
Research has shown that it is possible to use the data collected by the FADN in network research conducted by the EDF. This requires either data from the FADN system to be supplemented with data collected using the structured interview or the FADN questionnaire to be supplemented with missing data. 2. A characteristic feature of farms incurring the lowest total costs was high production scale, associated with larger herds of cows (twice) and higher milk yield compared to farms incurring the highest costs. 3. On farms with low production costs, the area of leased UAA accounted for more than half of the forage area, and 59% of the produced feed came from grassland. In the Spanish, Danish and Polish group of farms, the production of feed was mainly on arable land, and on Danish and Polish farms, additionally, mainly on own land. 4. Farms incurring the lowest costs in raising of dairy cattle were characterised by low capital involvement (without land) per cow. It was dominated by the value of buildings. The Polish group of farms stood out in comparison with other groups with the highest share of machinery value in capital and one of the lowest capital productivity, alongside Dutch farms. 5. The analysis of costs on farms indicates that Irish and Polish farms had the lowest total costs. The average level of these costs in the Polish group was lower than the costs incurred on the EDF farms with the lowest full costs. 6. The valuation of own resources of farms used allowed comparing the results achieved regardless of the origin of production factors. Income from management and risk was achieved by farms with the lowest full costs of production and only taking into account subsidies for raising of dairy cattle in the calculation. Among the national groups, income from management was achieved only by the Irish farms, while the group of the Polish farms was characterised by the highest loss. 7. Total costs of producing 100 kg of milk on the Polish farms were lower than the costs of the EDF farms from the lower tercile. After taking into account alternative costs, milk production was profitable only in the group of the Irish farms.
